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THE USE OF A PRECIPITIN TEST TO DIFFERENTIATE CANDIDA
ALBICANS FROM CANDIDA STELLATOIDEA*
JAMES R. TRIMBLE, M.D.
The incidence of Candidiasis (or Moniliasis) has apparently increased since
the introduction and use of certain antibiotics (1). For this reason, it is impor-
tant to recognize cultures of Candida albicans with speed and accuracy. These
organisms are usually identified by their morphological characteristics on special
agar and their ability to ferment sugars (2, 3, 4, 5). Animal pathogenicity, while
helpful is too expensive and time consuming to be used routinely.
In the case of Candida .stellatoidea a special problem exists. Since it is doubtful
that this organism can be differentiated from Candida albicans on the basis of
fermentation and morphology alone, many authors have failed to make this
distinction in studies of vaginal Candidiasis (6). In fact, the close similarity of
these fungi has led to the general assumption that they are variants. Recent
studies, however, indicate that Candida stellatoidea is a separate species (7, 8)
and there appears to be little justification for not distinguishing them in vaginal
cultures, especially since the etiologic role of this organism in the vagina is still
under discussion.
In this study a capillary precipitiri test was used to differentiate these organ-
isms. It was designed so that it would be easy to prepare and perform routinely.
MATERIALS AND METHODS
The strains (or isolates) of Candida and other yeast-like fungi used in this
study were obtained from two sources: 1. stock strains from culture collectionsf;
2. freshly isolated strains from vaginal cultures of normal pregnant negro fe-
males. All strains were identified by the usual technic (2) such as: growth on
Sabouraud's broth and agar, blood agar, cornmeal agar, sugar fermentation, and
rabbit pathogenicity.
A synthetic broth media similar to that employed by Keeney and Eriksen (9)
was used throughout this study for preparation of the antigen and the testing of
fungi for precipitinogen. It was made in two parts which were prepared sepa-
rately, mixed, and autoclaved.
Part A: KHPO4 25gm., MgSO4. 7H20 2.5 gm., NH4C1 10gm., NaC1 2.5 gm., CaCI2 0.5gm.,
ferric citrate 125 mg., cupric acetate 25mg., ZnSO47H2O 25 mg., 1-tyrosine 250 mg., 1-cys-
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tine 250 mg., 1-glutamic acid 4.0 gm., glycine 2.0 gm., 1-leucine 3.0 gm., l-arginineHCl
250 mg., 1-histidine. IIC1 11,0 250 mg., N IIC1 50 ml., N Na011 50 ml., made up to volume of
3750 ml. with distilled water.
Part B: Bacto dextrose (Difco) 75 gm., Ca-d-pantothenate 125 mg., i-inositol 125 mg,
nicotinamide 125 mg., pyridoxine.HC1 125 mg., p-aminobenzoic acid 125 mg., thiamine•HC1
125 mg., riboflavin 50mg., biotin 100 mg., made up to volume of 1250 ml. with distilled water.
The final ph was adjusted to 7.0.
The antigens were prepared by growing the fungi in flasks containing 200 ml
of the broth media for five weeks at 30°C. The cultures were centrifuged at 2000
rpm for ten minutes and the clear supernate siphoned. The pH was adjusted to
7.0 by the addition of a few drops of N NaOH or HC1 and 0.5% phenol added
as a preservative.
In one instance a C. albicans supernate was concentrated six fold by ultra-
filtration at 5°C after the manner described by Keeney and Eriksen (9) using a
19% gun cotton membrane (manufactured by Hercules Powder Co. R.S. 3'see.)
on an alundum candle (R.A. 360, medium porosity). A fraction precipitated by
the addition of from 33 % to 75% ethyl alcohol was separated. It was dissolved
in 5 ml of distilled water, reprecipitated with excess alcohol, and dried in vacuo
over solid NaOH. It gave a strongly positive Molisch and precipitin reaction,
while the Biuret, Millon and Iodine tests were negative. This suggested that the
precipitinogen was polysaceharide in nature.
The antisera were prepared in the usual manner. The fungi were grown forty-
eight hours in Roux flasks, containing 100 ml of Sabouraud's agar. They were
killed by suspension in 2% formalized saline for twelve hours. The organisms
were centrifuged, washed twice, and stored as a 4—6% suspension in 0.5% for-
malized saline. On the day of inoculation a 1 % suspension was prepared. Adult
albino rabbits were inoculated intravenously using 2 ml of the 1 % suspension
on four consecutive days of each week. The serum was collected in the usual
manner after seven to nine weeks of inoculation. Agglutination titers on the
sera using Benham's technic (10) ranged from 1:320 to 1:2560.
Absorption of the antiserum was accomplished by mixing equal volumes of
the antigen and antiserum in centrifuge tubes. The tubes were incubated at
37°C for thirty minutes with frequent mixing and stored in the refrigerator over-
night. The supernate was decanted after centrifugation in the cold. The absorp-
tion was repeated one to several times until complete as indicated by precipitin
test with the absorbing antigen. In all cases control studies were done using
antisera mixed with equal volumes of uninoculated media and treated in a
manner identical to the absorbed antisera.
Two types of precipitin test were used. The capillary test was employed in
most of the work. The antigen for this test was prepared by growing the fungi
in 6 ml amounts of the broth media previously described. Equal amounts of
antigen and antiserum were introduced into a small capillary tube. The test was
read the following day after standing vertically in plastacine overnight. If posi-
tive a precipitate was noted along the sides and bottom of the tube, when com-
pared to the control. In the conventional precipitin test, larger amounts (0.2 ml)
of the reactants were mixed in a small precipitin tube. After incubation for
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thirty minutes at 37°C the tubes were placed in the refrigerator overnight and
read in the usual fashion the following day. The amount of precipitate was
graded from negative to four plus.*
RESULTS
The ability to differentiate C. albicans from C. stellatoidea by the capillary
precipitin test is summarized in Table I. Three anti-albicans sera (AS, A6, A7)
were absorbed with two strains of C. stellatoidea (S2, S3) and tested against 16
strains of C. albicans and 8 strains of C. stellatoidea. All of the C. albicans strains
were positive except one strain tested with A7 serum. Thus the precipitin test
was positive 98% of the time. All C. stellatoidea cultures, on the other hand, were
negative for precipitinogen when tested with the absorbed anti-albicans sera. In
other words, 100 % of the total number of C. stellatoidea cultures tested were
negative. This indicates that the capillary precipitin test can reliably distinguish
these organisms in a high percentage of instances.
Table II compares some methods of differentiating C. albicans from C. stella-
toidea. For purposes of this study the differentiation of C. albicans from C.
.stellatoidea was based on the following assumptions: 1.) Chlamydospore forma-
tion: C. albicans produced chiamydospores when grown on corn meal agar. No
chiamydospores were evident in cultures of C. stellatoidea. 2.) Sugar fermenta-
tions: C. albicans produced acid and gas in glucose and maltose, acid in sucrose,
and no fermentation of lactose. C. stellatoidea produced acid and gas in glucose
and maltose, no fermentation of sucrose and lactose. 3.) Rabbit pathogenicity:
C. albicans caused death in adult albino rabbits within one week after intra-
venous inoculation of 1 ml of a 1 % suspension of the fungus. The organism was
recovered from the kidneys. C. stellatoidea produced no demonstrable effect
within one month when the same dose was given intravenously into rabbits.
At sacrifice no organisms were recovered from the kidneys.
The per cent accuracy of the diagnostic procedure (Table II) was calculated
from the ratio of the total number of C. albicans and C. stellatoidea cultures
identified correctly to the total number of cultures tested. The precipitin test
accurately identified 99% of these cultures (15/16 strains of C. albicans and 8/8
strains of C. .stellatoidea). This compared most favorably with the rabbit patho-
genicity test which showed an accuracy of 100 %. Chiamydospore formation and
sugar fermentation were less reliable. Their accuracy amounted to 83 % in both
instances (13/16 strains of C. albicans and 7/8 strains of C. stellatoidea). Under
the conditions of this experiment, the precipitin test appeared to be more reli-
able than other methods of distinguishing these cultures except for rabbit patho-
genicity.
Table III records experience with the specificity of the precipitin test. Two
anti-albicans sera (A5, A6), absorbed with C. stellatoidea (S2), were tested against
various other yeast-like fungi including other Candidas, the Cryptocoeci, and
Saccharomyces. No cross reaction was observed with any of these fungi except
* Negative = novisible precipitate; 1+ = faint cloudiness; 2+ = uniform finely granu-
lar precipitate; 3+ = coarse granular precipitate; 4+ = heavy fiocculent precipitate.
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TABLE I
DIFFERENTIATION OF CANDIDA ALBICANS FROM
CANDIDA STELLATOIDEA BY CAPILLARY PRECIPITIN TEST
ABSORBED
C. ALBICANS
ANT ISERUM*
C. ALBICANS
POSITIVE
C. STELLATOIDEA
NEGATIVE
As Ag Ratio 16 StraIns %** 8 strains %**
AS
A5
A6
A7
S2
S2
52
S3
1:3
1:4
1:4
1:4
16
16
16
15
98
8
8
8
8
100
*As C. albicans serum; Ag= C. stellatoidea antigen;
Ratlo= Ratio of antiserum to antigen used for absorption
** % of total number positive (or negative) to number
of strains tested.
TABLE
COMPARISON OF METHODS OF DIFFERENTIATING
CANDIDA ALBICANS FROM CANDIDA STELLATOIDEA*
DIAGNOSTIC
PROCEDURE
C. ALBICANS
IDENTIFIED
(16 STRAINS)
C• STELLATO IDEA
IDENTIFIED
(8 STRAINS)
% ACCURACY
DIAGNOSTIC
PROCEDURE
CHLAMYDOSPORE
FORMAT ION
SUGAR
FERMENTAT ION
RABBIT
PATHOGENICITY
PRECIPITIN
TEST**
13
13
16
15
7
7
8
8
83
83
lao
99
Resu1ts tabulated represent single tests except where
indicated.
Average values from table I
Candida tropicalis which was positive 50% of repeated tests with the anti-
albicans serum. Although the specificity of the precipitin reaction is good, it
cannot distinguish C. albicans from C. tropicalis.
Figure 1 depicts the appearance of precipitinogen in 16 cultures of C. albicans
when tested with two anti-albicans sera (A5, A6) previously absorbed with C.
stellatoidea (S2). It can be seen that most of the cultures become positive between
the third and fifth days and all of the cultures were positive within eight days.
The following figures (2—5) summarize data on antisera using the conventional
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TABLE ifl
SPECIFICITY OF PRECIPITIN TEST
YEAST—LIKE
FUNGI
STRAINS STRAINS POSITIVE WITH
ABSORBED C. ALBICANS
ANTI SERUM
CANDIDA ALBICANS
CANDIDA STELLATOIDEA*
CANDIDA TROPICALIS
OTHER CANDIDAS
*w'.*
CRYPTOCOCCI
SACCHAROMYCES
C ERE V IS IAE
16
8
2
II
5
2
15.8
0
2
0
0
0
verage values from Table I
** TropIcalls straIns were posItIve 50% of repeated tests.
*-- C. parapsllosls(2); C. krusel(4); C. pseudotroplcalls(3);
C. Ilpolytlca(l); C. guilllermond(l)
*•** Includes Benham Group I; II; (C. neoformans & C.
neoformans var. Innocous); j (Benham)
POSITIVE
CULTURES
precipitin method. Figure 2 represents tests of an anti-albicans serum (A5)
which had been absorbed with C. stellatoidea (Si). Four strains of C. stellatoidea
(including the strain used for absorption) and three strains of C. albicans were
used in these studies.
Two observations are apparent from this figure, first it may be seen that even
before absorption there was more reaction to the homolygous C. albicans strains
than with the strains of C. stellatoidea. Secondly, following complete absorption
DEVELOPMENT OF PRECIPITII4OGEN
$N CULTURES OF CANDIDA ALBICANS*
* AI.I. CULTURES GROWN AT lOM TEMPERfiThRES (Z6±2C) WITH CONSTANT SHAKING
Fm. 1
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PREOPITIN TESTS WITh CPMDIDA ALBICANS ANTISERUM(Qs)
ABSORBED W1114 CANDIDA STEILRTOIDEQ ANTIGEN (Si)5:Sj 1:10
DEGREEOF
REAcTION
6CFORC A5SORPTION AFTER AsORPrIoN
I
HI SE $Z S$ $4 H H3 HI
C.ALBIC4NS C.SILLLAIOIDEQ C.ALBICANS
FIG. 2
PRECIPIT1N TESTS WITH CANDIDA STEU.ATOIDEA ANTISERUM($q)
ABSORBED WITh CANDIDA ALBICANS ANTIGEN(S4:6 1:2.5
BEFORE ABSORPTION AFTER ABSORPTION
DEGREE0F
REACTION
Fm. 3
Si S253S4 ASA6A7
C.SEUflTOIDEft C.ALBICRPIS
of the antibody to C. .stellatoidea (Si) there was little or no change in the reac-
tion to the strains of C. albicans. These observations indicate the presence of a
type specific antigen in strains of C. albicans which is low or absent in strains of
C. stellatoidea.
Figure 3 represents the opposite situation in which anti-steilatoidea serum
(S4) was absorbed with C. albicans (A6) antigen and tested to the same organ-
isms. Absorption of this serum by C. albicans removed not oniy the antibody to
4+
3+
2+
1+
I
E ABSOR8ING ANTIGEN
* ABSORSING ANTIGEN
PRECIPITIN TESTS WITH CANDIDA ALBICANS ANTISERA (A5,A6,47)
ABSORBED WITH CANDIDA STELLATOIDEA ANTIGEN (Sl,S2,S3,S4)
L LT4 1flfltT{ 1I11T1 m11mfl
45:sI i:io 45:s2 1:3 45:S3 1:3 45:s4 1:15
! !1iL JJIJ JJi JTi
:si t:io 46:s2 1:3 46:53 1:3 46:s4 :io
4+
0 __________A7I 1:7
* ABSORPTION
* ABSORBING
ANTIGEN
Fro. 4
PRECIPITIN TESTS WITH CANDIDA STELLATOIDEA ANTISERA
(S2,S3,S4) ABSORBED WITH CANDIDA ALBICANS ANTIGENS (A5,A6,A7)
4+,mn3t
S2:A5 1:5
4:
3+j
2+-I I
t&. IQ Io-lIIIII!
S3:45 1:13
U C. STELLATOIDEA CULTURES SI,S2S3,S4 (IN ORDER)
:C. ALBICANS CULTURES A5,A6,A7(IN ORDER)
Fin. 5
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C. ALBICANS CULTURES A5, A6,A7 (IN ORDER)
52:46 1:13
1TTfli
52:47 i:
-imI 4'
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s3:47 1:4.5
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C. albicans but also the antibody to C. stellatoidea as well. This indicates that a
type specific antigen is lacking in cultures of C. stellatoidea.
Similar studies were carried out on other sera. Figure 4 represents C. albicans
antisera (AS, A6, A7) absorbed with four strains of C. stellatoidea (Si, S2, S3,
S4) and Figure 5 depicts three anti-stellatoidea sera (S2, S3, S4) absorbed with
three strains of C. albicans (AS, A6, A7). In general, the results confirm the ob-
servation made in Figures 3 and 4 that C. albicans contains a type specific anti-
gen which is absent from C. stellatoidea. In addition, it is also noted that in some
instances absorption of the anti-serum with one organism did not necessarily
remove all the antibody to the other organisms of the same species. For example
in Figure 3 absorption of C. stellatoidea serum (S4) with C. albicans (A6) did not
remove all the antibody to C. albicans strain (A5). This indicates that serological
differences may exist even between individual strains (or isolates) of the same
species of fungi. A similar situation exists with strains of C. stellatoidea (Figure 2).
DISCUSSION
There appears to be a need for a rapid, simple, and dependable method of
differentiating cultures of C. albicans from C. stellatoidea. This is especially true
in vaginal cultures where C. stellatoidea is isolated more frequently than C. al-
bicans (11). Under the conditions of this experiment, the capillary precipitin
appeared to be an efficient method of doing this. It seemed more reliable than
chiamydospore production on corn meal agar, and sugar fermentation, the two
most commonly used methods, and approached the accuracy of the rabbit patho-
genicity test. In addition, the method is as rapid as other tests in use (Figure 1).
The specificity of the reaction is good. It does not cross react with other yeast-
like fungi except Candida tropicalis. Thus it can not be used as a method of
distinguishing these fungi. Fortunately however, C. tropicalis can be differenti-
ated easily by other means, and since it is infrequently isolated from the va-
gina it seldom presents as much of a problem as C. stellatoidea.
The results of the conventional precipitin studies (Figure 2 through Figure 5)
confirmed the results of the capillary tests. Furthermore, these studies indicate
that C. albicans contains a type specific antigen which is absent or low in strains
of C. stellatoidea. These studies also suggest that serological differences may exist
between single strains of these fungi, a finding which has been demonstrated
with other yeast-like organisms (12, 13). Further work along these lines em-
ploying quantitative technics may answer this question.
These results agree with those of others (7, 8) who have shown that serological
differences exist between single strains of C. atbicans and C. steflatoidea. They
lend support to the belief that these organisms are distinct species and should
be so recognized in future studies.
SUMMARY
A method of differentiating cultures of Candida albicans from Candida stella-
toidea by capillary precipitin tests is described. This method appears to be re-
liable, rapid and specific, although it can not distinguish C. tropicalis from C.
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albicans. Evidence from these studies indicates the presence of a type specific
antigen in C. albicans which is low or absent in C. stellatoidea.
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DISCUSSION
DR. J. WALTER WILSON, (Los Angeles, California): Has the essayist had ex-
perience with the "Nickerson differential media" for this study? The Ortho
Company furnish small screw top vials of this media which is said to differenti-
ate between the Candida albicans organism and all of the rest. I have not had
the opportunity to evaluate this method thoroughly, and preliminary trials did
not impress me, but it would be simpler as an office procedure, if it could be
shown to be reliable. Dr. Nickerson is a competent mycologist and should know
what he is talking about.
Dn. RUDOLF L. BARR, (New York, N. Y.): We have had an opportunity to
try this method of culture at the Skin and Cancer Unit. Dr. Rosenthal and his
coworkers tell me that in their experience this special medium has no advantages
over the conventional media.
DR. HARVEY BLANK, (Miami, Florida): I would like to ask if the antisera are
active in differentiating Candida krusei from Candida ,stellatoidea? The reason for
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the recent interest in krusei is that it appears to produce a spermatocidal sub-
stance and there seems to be a correlation in some women between sterility and
the presence of this "non-pathogenic" yeast. (Jones, G. E. S., et al., Amer. J.
Obs. Gyn. 70: 1271, Dec. 1955).
DR. JAMES R. TRIMBLE (in closing): In answer to Dr. Wilson's question, I
have had limited experience and I too have come to the conclusion as Dr. Baer
has, that it is actually not a better medium than others, Of course, none of the
methods of distinguishing these organisms is foolproof.
There may be serologic differences between individual strains of the organisms
which I have not had time to discuss.
Dr. Blank, this will distinguish the Krusei form very nicely; I have only had
four strains of Krusei to work with but I think it could be used very easily.
I appreciate very much the questions of the discussors.
